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Abstract 

We have analyzed the neutrino electron scattering off electrons in order to obtain constraints 
on tensorial couplings. We have studied the non standard interactions formalism as well as the 
unparticle stuff case. For our analysis we have focused on the recent TEXONO collaboration 
results. We have obtained new constraints to possible tensorial couplings in both new physics 
formalisms. 
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I. INTRODUCTION 



Searching for new physics has been highly motivated by the neutrino oscillation physics 
which implies non-zero neutrino mass jl|. In fact, neutrino oscillations are the first clue 
of physics beyond the standard model and has motivated a new generation of neutrino 
experiments as well as the development of phenomenological and theoretical research on 
models beyond the Standard Model . The future generation of neutrino experiments 

put the field as very promising in the search for new physics. 

A very useful tool for the phenomenological study of these types of new physics is the 
formalism of non standard interactions (NSI). This formalism can parametrize a wide range 
of well motivated models of neutrino mass and, at the same time, gives constraints that are 
model independent. In the NSI formalism, operators with (V±A) Lorentz structure have 
been widely studied in the literature, giving stringent limits in neutrino-electron interac- 
tions when solar and reactor data is analyzed. However, tensorial non standard neutrino 
interactions have not been studied in detail in the neutrino sector. 

A very different type of new physics that also can give rise to tensorial interactions is 
the recently proposed unparticle physics. In this extension, particles couple to a hidden 
conformal sector which could be probed in future experiments. 

Unparticle physics can be directly produced in accelerator experiments. One way to 
probe their direct production is searching for signatures of missing energy in the detectors. 
There is another way to study their effects, which is through low energy processes mediated 
by the unparticle stuff. 

The study of neutrino electron scattering has been of interest for elementary particle 
physics since their first measurement at the GARGAMELLE bubble chamber jg]. Recently, 
neutrino detectors using reactor neutrinos in a Short Baseline have taken profit of the intense 



and pure source of v e to probe for physics beyond the Standard Model 



7H9|. 

by using 



10| and 



Neutrino electron scattering has been recently measured with improved accuracy 
reactor antineutrinos. The TEXONO collaboration has reported recent results [9 
that has motivated us to study tensorial interactions in the framework of NSI as well as in 
the unparticle physics scheme. Here we introduce the results of such an analysis. We will 
see that it is possible to obtain strong constraints to the parameters of both approaches. 

Our paper is organized as follows: In Section |TT] we introduce the NSI formalism and 
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present the corresponding neutrino electron cross Section, while in Section HTT1 we present the 
analog discussion for the unparticle case. The description of our analysis for the TEXONO 
case is shown in Section IIVI Finally our conclusions are given in Section EJ 



II. TENSORIAL NSI IN NEUTRINO-ELECTRON SCATTERING 



It is a common characteristic of many extensions of the Standard Model to introduce new 
interactions that can be parametrized with the help of an effective Lagrangian. The most 



studied case regards with V — A extensions of the Standard Mode 



this case the effective four fermion Lagrangian takes the form: 



. It is well known that in 



IMS | 



r*ff 



El P 2V2G F (v alp Lvp)(fyPf), 



(1) 



where / is a first generation SM fermion: e, u or d, and P = L or R are the chiral projectors. 
There is plenty of literature studying; either current constraints on the neutrino NSI with 



electrons 



16 



experiments 



and quarks 19|, |20( as well as future perspectives for long baseline neutrino 



22| as well as in reactor low energy neutrino experiments 23 1 



In particular for the neutrino electron scattering which has the advantage of being a 
purely leptonic process and therefore is free from QCD uncertainties the neutrino electron 
cross section for the NSI case is given by 



da(E u ,T) 2G 2 F m e 2 
~[{9l 



dT 



7T 



et?) + 



with g L 



a=£e 

9l + £ e a L a and g R 



-] 



(2) 



9r 



The standard model constants are given by 



g L = \ + sin 2 9 W , g R = sin 2 6 W . 



On the other hand, limited attention has been given to possible tensor interactions. 
This may be motivated by the (V — A) structure of the Standard Model, however, with 
neutrino physics entering into a precision era it could be a good moment to study this kind 
of interactions with more detail. 

Previous study to this interaction in neutrino electron scattering has been given in dif- 



ferent articles 



24j and there have been some constraints reported in the literature 25 1 




4 5 6 

T (MeV) 



FIG. 1: Comparison between Standard-Model and tensor NSI differential cross section. 

The Lagrangian describing this type of interaction is given by 

- C e T ff = el T p2V2G F (v a a^vp)(fa,J), (3) 

with a^ v = 7 M 7„ + ■Jul^- in this case, for the tensorial contribution the amplitude for the 
process is given by 



q2 

M | 2 = g^^fl28m 2 e (4El + T 2 — (4E V + m e )T) 



(4) 



and therefore the differential NSI neutrino electron cross section takes the form: 



da$ SI 



M 



2 AG 2 F m e 



T 

2E U 



dT 64nm e E 2 u 9t tt ^ 
In this case, gx parametrizes the strength of the tensorial NSI coupling. In order to have 
an idea about the tensorial NSI interaction, we plot the differential cross section versus the 
energy and compare it with the Standard Model prediction, Fig (fTl) . 



III. NEUTRINO-ELECTRON SCATTERING MEDIATED BY TENSORIAL UN- 
PARTICLE INTERACTIONS 



At energies above certain A, a hidden sector operator Ojjv of dimension duv could couple 
to the SM operators Osm of dimension d$M via the exchange of heavy particles of mass M 

OyyOsM 



C 



Mduv+dsM-4 ' 
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(6) 



The hidden sector becomes scale invariant at A and then the interactions become of the 
form 

fid uv -d 

Cu = G °U Mduv+dsM-t °U °SM , (7) 

where Ou is the unparticle operator of scaling dimension d in the low energy limit and Cq u 
is a dimensionless coupling constant. Therefore the unparticle sector can appear at low 
energies in the form of new massless fields coupled very weakly to the SM particles. 

Scalar and vectorial unparticle interactions have been studied previously in the context 



of neutrino electron scattering 10 
of tensorial interactions. 



26l 1271 . In what follows we will concentrate on the case 



In the low energy regime, the effective interactions for the tensor unparticle operators 



have the form 



28 



29] 



Xl/ (7, D„ +lu AO ^ 0£T and ^ V? O u »\ (8) 

where denotes the gauge field strength. From here we can find that the unparticle 
propagator for the tensorial field is given by 

[AAP 2 )}„ = ^-^y (-P 2 ) d - 2 W(P), (9) 



where 



_ 16vr 5 / 2 r(d+l/2) 
d (2vr) M T(d - l)r(2d) 1 ' 



and the tensor operator T„j, po . is given by 



with 



P P 



7T 



9r + -jsr- (12) 



If we consider the case of neutrino electron scattering we will arrive to the amplitude 

M t = {P(k')a^u(k)} (-(P) 2 - ie) d - 2 T, vpa {e(p')*o°e(p)} , (13) 

where 

f(d) = ^fM* (14) 
2 sin (got ) 



In what follows we will use the definition for the couplings A = y X^Kf and we will fix 
the scale A = 1 TeV. From this amplitude, it is possible to obtain the differential cross section 
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FIG. 2: Comparison between Standard Model and tensor unparticle differential cross section for 
A = 1 TeV. 

for neutrino electron scattering for the tensorial unparticle interactions. The computations 
of this cross section become more transparent if we decompose it into a electric part which 
takes the form: 



d0~T _ f(d) o2 rf-32rf-3 T 2rf-4 

dT ~ vrA 4 ^- 4 e 



1 - 



T \ 2 mT 



2E V J 2EI 



(15) 



and a magnetic contribution that is given by 

ttA' 



f ^a-X^i-JL)' (16) 

In order to obtain the total cross section, this expressions should be added to the Standard 
Model prediction 

do{y e ) 2G 2 F m e 2 2 T 2 m e T 

We show in Fig. ([2]) the comparison between the Standard Model prediction for the 
differential cross section and the unparticle case, we can see that the expectations to obtain 
a good constraint from this process at low energies are encouraging. 
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IV. LIMITS ON TENSOR INTERACTIONS FROM THE TEXONO EXPERI- 
MENT 



Among the most recent reactor neutrino experiments, the TEXONO collaboration has 



published results on the cross section for the neutrino electron scattering [10J, |30| using 
the Kuo Sheng 2.9 GW reactor as an antineutrino source that provides an average flux of 
6.4 x 10 12 cm~ 2 s~ 1 . Even though the collaboration has made use of three different detectors, 
we will focus on the CsI(Tl) detector data in order to obtain constraints for the tensor 
interactions both for the NSI and unparticle cases. 

In order to obtain a constraint on the tensorial parameters we have computed the expected 
number of events for the TEXONO detector in the case of a NSI or unparticle interaction 
given by Eqs. (JSJ) and ( TT6][T7l) respectively and compute the integral 

where the factor K accounts for the time exposure and the number of electron targets 
and d<fr(v e ) / dE u is the neutrino spectrum which we have parametrized as the exponential 



3lj. We have 



of a polynomial order five as has been recently discussed in the literature 
also considered the relative abundances of each radioactive isotope in the nuclear reactor, 
235 U(98%), 238 U(1.5%), and 239 Pu(0.4%). The electron recoil energy is divided into ten bins, 
Tj, running from 3 to 8 MeV. 

Once we have computed the theoretical expected events per bin we can compute the \ 2 
function 



* 2 = £ 



Nexptji) - [N N si,u{i)Y 



(19) 

1=1 L v ' J 

where N^si,u(^)j is the calculated event rate in the ith energy data bin for the Tensorial 
NSI or the unparticle cases, N expt {i) is the observed event rate for the corresponding energy 
bin, and A stat (i) is the statistical uncertainty of the associated measurement. 

The results of our analysis are shown in Figures ([3]) and (00). We can see that for the NSI 
case the constraint on the tensorial coupling gives the bound, at 90 % C. L., gx < 0.20 which 
is much better than the previously reported constraint by the LAMPF collaboration 2sj]. 
We obtained the value of Xmin = 5-43 for 9 d.o.f. We have verified explicitly that previous 
reactor experiments give weaker constraints than those obtained here using the TEXONO 
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FIG. 4: limits at 90 % CL for the tensorial unparticle parameters d and A from our analysis of the 
recent TEXONO data. 

data. For the unparticle case we have shown the 90 % CL region for the parameter A and 
d. In this case we obtained Xmin = 5- 16 for 8 d.o.f. We have also extracted the constraints 



from the solar neutrino ana 
to those discussed in ref. 



32J (following analogous assumptions 



ysis reported in reference 
27| ) and plotted the result in the same Figure fl4]) in order to show 
the interplay between different analysis; as can be seen the results from our analysis are 
more restrictive for values of d > 2.03. 
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experiment 


9t 


TEXONO 90 % CL 


0.20 


LAMPF 90 % CL 


0.379 


Stellar energy loss 


0.06 - 3.6 



TABLE I: Limits on the tensorial coupling qt from previous analysis and from the TEXONO 
experiment analyzed in this work. 

V. DISCUSSION AND SUMMARY 



Neutrino physics is entering into a precision era that could give important guidance about 
new physics beyond the Standard Model. 

In this article we have concentrated in the case of tensorial couplings that could give a 
signal in reactor neutrino experiments. We have studied in particular the recent TEXONO 
results on antineutrino electron scattering. The tensorial interactions have been studied 
both in the framework of NSI and for the unparticle case. We have found new constraints 
that are stronger than previous laboratory constraints. These results can be summarized 
in Table H for the NSI case where we show the previous laboratory result from the LAMPF 
experiment [25!] . Besides, we also show the astrophysical estimates that come from stellar 
energy loss 3, 34]. For the case of an unparticle tensor interaction, we have found that our 
constraints are more restrictive than previous analysis for values of d > 2.03. 

As can be seen the results are encouraging and future neutrino electron scattering exper- 
iments could give even stronger constraints. Another possible place to search for this type 
of interaction in the future could be the coherent neutrino nuclei scattering that is al so p art 
of the TEXONO low energy neutrino physics program 35] and other proposals 3j]-38|. 
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